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(54) FULLERENE-CONTAINING STRUCTURE AND PROCESS FOR PRODUCING THE SAME 



(57) A fullerene containing structure comprises an 
amorphous carbon base having a first amorphous car- 
bon layer and a second amorphous carbon layer lami- 
nated together, and a giant fullerene formed in the 
neighborhood of layer interface of the amorphous car- 
bon base straddling on both the amorphous carbon lay- 
ers. A plurality of giant fullerenes generated in the 
neighborhood of the layer interface are connected 

FIG 



together to form a continuum body such as a film struc- 
ture (a film of giant fullerene) or the like. According to 
such the fullerene containing structure, a shape and a 
position to bp formed of the giant fullerene, further a 
state of formation such as a connecting structure or the 
like can be controlled. In addition, the stable carbon 
base can protect the generated giant fullerene itself. 
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Description 
Technical Field 

[0001] The present invention relates to a fullerene 
containing structure in which fullerene is formed in an 
amorphous carbon base and a manufacturing method 
of the same. 

Background Art 

[0002] A fullerene that is typical in C 60 is bonded 
through Van der Waals force and has a football like 
shape of high symmetry. All the carbon atoms in one 
molecule are equivalent and bonded through covalent 
bond to each other to form a very stable crystal. Fuller- 
enes such as C 60 or the like can be considered to take 
a fee structure crystallographically, accordingly they 
show metal like mechanical properties such as plastic 
deformation, work hardening or the like. Based on such 
properties, as a new carbon-based material, various 
applications of the fullerenes are expected. In addition, 
based on the properties of the fullerene itself, applica- 
tions in superconducting material, catalytic material, 
lubricant material, bio-material, non-linear optics mate- 
rial or the like are being studied. 
[0003] So far, the fullerenes such as C 60 has been 
prepared by arc discharge method that utilizes a carbon 
rod or particulate carbon as an electrode, or by laser 
ablation method in which a beam of UV laser is irradi- 
ated on surface of graphite. Since fullerenes are formed 
in soot mixed therein, they are extracted by the use of a 
collector that employs a filter, benzene or the like. 
[0004] In the material piled up at a cathode side 
during the above described arc discharge, there are 
included fullerenes of higher order (giant fullerene) 
called such as carbon nano-capsule or carbon nano- 
tube. After crushing the material piled up at the cathode 
side, they can be obtained by refining with an organic 
solvent such as ethanol or the like. Both the carbon 
nano-capsule and carbon nano-tube has a hollow struc- 
ture. By encapsulating another metallic atom or a micro- 
crystallite in the hollow inside of such a giant fullerene, 
synthesis of a new material or search of a new function 
is being carried out. 

[0005] As a giant fullerene in which another metallic 
atom or a micro-crystallite is encapsulated in the hollow 
inside of the carbon nano-capsule or carbon nano-tube 
(hereinafter refer to as an endohedral giant fullerene), 
ones in which fine particles of carbides of rare earth 
metals such as La, Y or the like, or fine metallic particles 
of Fe, Co, Ni or the like are encapsulated have been 
reported. These are prepared by use of the arc dis- 
charge method with a carbon electrode that includes 
powder of a metal or an oxide, and by refining thereafter 
the endohedral giant fullerene included in the deposits 
piled up at the cathode. 

[0006] As one kind of the giant fullerene, sub- 



stances called an onion-like graphite in which fullerenes 
of larger molecular weight are superposed concentri- 
cally outside a core consisting of C 60 or the like to form 
external shells have been discovered. It is being studied 

s to prepare an endohedral giant fullerene by use of such 
an onion-like graphite. The endohedral giant fullerenes, 
based on their properties, are expected to apply in 
device materials such as material for electronic parts, 
sensor material, filter material or the like, and new func- 

10 tional materials such as superconducting material, bio- 
material, medical material or the like. 
[0007] The conventional giant fullerenes or endohe- 
dral giant fullerenes, however, are included in the 
deposit that is produced by the arc discharge method as 

is described above. Accordingly, they can be separated 
with difficulty from impurities such as graphite like sub- 
stance or amorphous carbon. In the endohedral giant 
fullerene, there is a problem that shape or state of 
encapsulation can not be easily controlled. Further, fine 

20 particles being encapsulated in the giant fullerene are 
restricted, at present, to particular metallic particles or 
compound particles. 

[0008] In particular, when considering an applica- 
tion of the giant fullerenes or endohedral giant fuller- 

25 enes in a device or a new functional material, it is 
important to enable to control the magnitude of a single 
giant fullerene or the position where the giant fullerene 
itself is formed. In addition, the state of formation of the 
giant fullerenes such as state of connection between 

30 the giant fullerenes or structures thereof is also impor- 
tant to be controlled. However, the conventional manu- 
facturing method does not allow controlling them easily. 
[0009] In addition, since the giant fullerene is unsta- 
ble substance, some means is required to implement to 

35 protect the generated giant fullerene. However, at the 
present time, such a technology has not been found. 
[0010] An object of the present invention is to pro- 
vide a fullerene containing structure that allows to con- 
trol the shape or the positions to be formed together 

40 with the state of formation such as the connecting struc- 
ture or the like with a relatively simple process, and that 
protects the generated fullerenes with a stable sub- 
stance, and to provide a manufacturing method thereof. 

45 Disclosure of the Invention 

[0011] A first fullerene containing structure of the 
present invention comprises an amorphous carbon 
base having a first amorphous carbon layer and a see- 
so ond amorphous carbon layer laminated together, and a 
fullerene formed in the neighborhood of the layer inter- 
face of the first amorphous carbon layer and the second 
amorphous carbon layer and straddled the first and sec- 
ond amorphous carbon layers. 
55 [0012] A second fullerene containing structure of 
the present invention comprises an amorphous carbon 
base material having a first amorphous carbon layer 
and a second amorphous carbon layer laminated 
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together, and a plurality of fullerenes formed in the 
neighborhood of layer interface of the first amorphous 
carbon layer and the second amorphous carbon layer 
and straddled the first and second amorphous carbon 
layers. 5 
[0013] The second fullerene containing structure 
further comprises a plurality of fullerenes that are con- 
nected together. 

[0014] A manufacturing method of a first fullerene 
containing structure of the present invention comprises 10 
a step of disposing an ultra-fine particle on a first amor- 
phous carbon layer, a step of laminating a second amor- 
phous carbon layer on the first amorphous carbon layer 
so as to cover at least the ultra-fine particle, and a step 
of irradiating a high energy beam onto a laminate body 15 
of the first amorphous carbon layer and the second 
amorphous carbon layer having the uftra-f ine particle at 
the layer interface of the first and second amorphous 
carbon layer, and generating a fullerene traversing the 
first and second amorphous carbon layers with the 20 
ultra-fine particle as nucleation substance. 
[0015] A manufacturing method of a second fuller- 
ene containing structure of the present invention com- 
prises a step of disposing a plurality of uttra-fine 
particles on a first amorphous carbon layer, a step of 25 
laminating a second amorphous carbon layer on the 
first amorphous carbon layer so as to cover a plurality of 
the ultra-fine particles, and a step of irradiating a high 
energy beam onto a laminate body of the first amor- 
phous carbon layer and the second amorphous carbon 30 
layer having the ultra-fine particles at the layer interface 
of the first and second amorphous carbon layer, and 
generating a plurality of fullerenes traversing the first 
and second amorphous carbon layer with the ultra-fine 
particles as nucleation substance. 35 
[0016] The manufacturing method of the second 
fullerene containing structure further comprises a step 
of further irradiating a high energy beam on a plurality of 
the fullerenes that are generated to grow and connect a 
plurality of the fullerenes to each other. 40 
[0017] The present invention is based on findings 
that, by irradiating a beam of high energy onto an amor- 
phous carbon base material of laminated structure at 
the layer interface of which ultra-fine particles exist, a 
fullerene such as an ultra-fine particle endohedral giant 45 
fullerene or the like that traverses the respective amor- 
phous carbon layers can be formed with the ultra-fine 
particles as the nucleation substance with reproducibil- 
ity, and, by irradiating further a beam of high energy on 
the fullerene that is generated, the obtained fullerenes so 
can grow and connect each other to be a continuous 
structure. 

[0018] As described above, in a fullerene contain- 
ing structure of the present invention, a fullerene 
(includes a fullerene of a continuous structure) is ss 
formed in an amorphous carbon base material of lami- 
nation structure. The amorphous carbon base material 
can function as, for instance, a protecting material. The 



fullerenes in the amorphous carbon base material are 
formed according to initial positions of the ultra-fine par- 
ticles, accordingly the positions of formation thereof or 
the shapes can be controlled. Further, without restrict- 
ing to the positions or the shapes of the fullerenes, the 
continuous structure or the like of the fullerene can be 
controlled. For instance, the fullerene of continuous 
structure such as a film structure or a desired pattern 
can be obtained. Thus, according to the present inven- 
tion, various kinds of controls or operations of the fuller- 
enes can be realized. 

Brief Description of Drawings 
[0019] 

Rg. 1A, Fig. 1B, Fig. 1C, Fig. 1D and Fig. 1E are~ 
cross-sections showing schematically manufactur- 
ing processes according to one embodiment of a 
fullerene containing structure of the present inven- 
tion, 

Fig. 2A, Fig. 2B and Fig. 2C are cross-sections 
showing schematically manufacturing processes 
according to another embodiment of a fullerene 
containing structure of the present invention. 

Mode for Carrying out the Invention 

[0020] In the following, embodiments for carrying 
out the present invention will be described. 
[0021 ] Fig. 1 A, Fig. 1 B, Fig. 1 C, Fig. 1 D and Fig. 1 E 
are cross-sections showing schematically one embodi- 
ment of manufacturing processes of a fullerene contain- 
ing structure (a giant fullerene containing structure) of 
the present invention. In these figures, reference 
numeral 1 denotes an amorphous carbon support film 
as a f irst amorphous carbon layer. For the amorphous 
carbon support film 1, an i-carbon, for instance, can be 
employed. The amorphous carbon support film 1 is not 
particularly restricted but is preferable to be a thin film 
base material of a thickness of approximately from 5 to 
100 nm. Further, it is desirable to employ a thin film 
base material of a thickness of approximately from 10 to 
50 nm. 

[0022] First, as shown in Fig. 1 A, on an amorphous 
carbon support film 1 , ultra-fine particles 2 that are a 
nucleation substance during generation of a giant fuller- 
ene are disposed. Further, in Fig. 1, a plurality of ultra- 
fine particles 2 is disposed on the amorphous carbon 
support film 1 . However, the ultra-fine particles are only 
necessary disposing according to a pattern of a giant 
fullerene containing structure to be formed, and the 
number of disposed uttra-fine particles 2 is not particu- 
larly restricted. Only one ultra-fine particle 2 may be dis- 
posed on the amorphous carbon support film 1 . 
[0023] As the ultra-fine particle to be a nucleating 
substance, an ultra-fine particle consisting of various 
kinds of solid material such as metallic ultra-fine parti- 
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cle, semiconductor ultra-fine particle, compound ultra- 
fine particle or the like can be employed. In other words, 
with an ultra-fine particle 2 consisting of various kinds of 
solid substance as a nucleation substance (nucleus for- 
mation point), as will be described later, a giant fuller- $ 
ene can be induced and grown. 
[0024] As specific examples of the ultra-fine particle 
2, metallic ultra-line particle consisting of various kinds 
of single metals such as Pt, Au, Cu, Al, Sn, Nb, Mo, W 
or the like and of alloys thereof, semiconductor ultra-fine 10 
particle consisting of Si, Ga, As or the like, ultra-fine par- 
ticle of metal oxide such as LaO, Al 2 0 3 , ZnO, Pb (Zr, Ti) 
0 3 (PZT), (Pb, La) (Zr. Ti)0 3 (PLZT) or the like, further 
various kinds of compound ultra-fine particle of metallic 
halide, metallic fluoride, metallic boride or the like can is 
be cited. When a plurality of ultra-fine particles 2 are 
disposal, a plurality of kinds of ultra-fine particles of dif- 
ferent materials can be employed. For instance, metallic 
ultra-fine particles of two or more kinds of different 
materials, or a metallic ultra-fine particle and a com- 20 
pound ultra-fine particle can be disposed. 
[0025] The size of the ultra-fine particle 2 is only 
necessary to be one that can provide a nucleation point 
during generation of a giant fuilerene. In specific, it is 
preferable to employ the ultra-fine particle 2 of a diame- 25 
ter of approximately from 1 to 100 nm. Incidentally, the 
ultra-fine particle 2 of a diameter of 1 nm or less, in addi- 
tion to being difficult in existence and manufacturing, is 
not likely to exhibit fully its function as the nucleation 
point of a giant fuilerene. The more preferable diameter 30 
of the ultra-fine particle 2 is in the range of from 1 to 40 
nm. 

[0026] A manufacturing method of such the ultra- 
fine particles 2 is not particularly restricted. If it is possi- 
ble to dispose in separated state on the amorphous car- 35 
bon support film 1, the ultra-fine particles 2 
manufactured according to the various methods can be 
employed. 

[0027] For instance, a target having a plurality of 
fine holes or slits is disposed on an amorphous carbon 40 
Support film 1 . A beam of high energy such as an Ar ion 
beam or the like is irradiated obliquely onto inner walls 
of the fine holes or the slits of the target to liberate con- 
stituent atoms or molecules out of the target. Thereby, 
the ultra-fine particles consisting of the constituent 45 
material of the target can be obtained. With such the 
method (hereinafter, refers to as transcription method), 
depending on the shape of the tine holes or slits formed 
on the target, the size of the ultra-fine particle or the 
position being disposed thereof can be controlled. sc 
[0028] Further, metastable compound particles 
such as e-AI 2 0 3 particles or the like disposed on the 
amorphous carbon support film 1, through bombard- 
ment of a beam of high energy such as an electron 
beam or the like, can be converted into a-AI 2 0 3 parti- si 
cles or Al ultra-fine particles of stable phase. This 
method (hereinafter refers to as a compound decompo- 
sition method) is particularly effective tor W, Mo, Nb, Cu 



or the like of which compound, oxide in particular, is 
likely to decompose. 

[0029] The disposition shape of ultra-fine particles 
2 is decided according to an aimed giant fuilerene con- 
taining structure. When a giant fuilerene of a singie 
structure is formed, the disposition shape of the ultra- 
fine particles 2 is not particularly restricted. However, 
when a plurality of giant fullerenes are formed or a plu- 
rality of the generated giant fullerenes are connected 
together to be a continuous structure, the ultra-fine par- 
ticles 2 are disposed according to the shape being 
aimed. 

[0030] For instance, when a plurality of giant fuller- 
enes are connected together to be a film structure, as 
shown in Fig. 1A, on a whole surface or a prescribed 
area of an amorphous carbon support f ilm 1 , a plurality 
of ultra-fine particles 2 are dispersed. In addition, when 
a plurality of giant fullerenes are connected together to 
form a desired pattern, for instance as shown in Fig. 2A, 
on a surface of the amorphous carbon support film 1 , 
according to a pattern P to be formed by connecting a 
plurality of giant fullerenes, a plurality of ultra-fine parti- 
cles 2 are disposed. A distance between a plurality of 
the ultra-fine particles 2 is determined considering the 
state of growth of the giant fullerenes or the like. 
[0031] Next, as shown in Fig. 1 B and Fig. 2B, on an 
amorphous carbon support film 2 thereon a plurality of 
ultra-fine particles 2 are disposed, so as to cover at 
least the respective ultra-fine particles 2, an amorphous 
carbon film 3 is laminated as a second amorphous car- 
bon layer. For the amorphous carbon film 3, i-carbon or 
the like can be employed as identical as in the case of 
the amorphous carbon support f ilm 1. That is, with the 
amorphous carbon support film 1 as the first amor- 
phous carbon layer and the amorphous carbon film 3 as 
the second amorphous carbon layer, an amorphous 
carbon base material (laminated amorphous carbon 
base material) 4 of laminated structure at the interface 
of which a plurality of ultra-fine particles 2 exist is 
formed. 

[0032] A thickness of the amorphous carbon film 3 
needs only be one that is capable of inducing and grow- 
ing a giant fuilerene through activation of amorphous 
carbon located in the surrounding of the ultra-fine parti- 
cles 2 when a beam of high energy is irradiated from the 
above thereof. The specific thickness of the amorphous 
carbon film 3 is preferable to be approximately 5 to 100 
nm. 

[0033] When the thickness of the amorphous car- 
bon film 3 is less than 5 nm, the amount of carbon nec- 
essary for growing a giant fuilerene is not likely to be 
supplied sufficiently. On the other hand, when the thick- 
ness exceeds 100 nm, a beam of high energy irradiated 
from the above thereof is attenuated in the amorphous 
carbon film 3 to be likely not to activate fully the carbon 
surrounding the ultra-fine particles 2. In particular, when 
a plurality of giant fullerenes that are induced are con- 
nected together to be a continuous structure, in order 
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for the giant f ullerenes to grow to be capable of connect- 
ing together in the laminated amorphous carbon base 
material 4, the thickness of the amorphous carbon film 
3 is set at 5 nm or more. The thickness of the amor- 
phous carbon film 3 in this case differs according to a 
distance disposing the plurality of ultra-fine particles 2. 
[0034] A method of formation of an amorphous car- 
bon film 3 is only necessary to be one that can provide 
a sufficient contact state with the amorphous carbon 
supporting film 1. For instance, generally used methods 
of thin film formation such as vapor evaporation method, 
laser ablation method, sputtering method. CVD method 
or the like can be employed. In particular, when the 
ultra-fine particles 2 are formed in a vacuum atmos- 
phere or the like, it is desirable to employ a film forma- 
tion method capable of forming an amorphous carbon 
film 3 continuously without destroying the atmosphere. 
Thereby, without altering the state of the ultra-fine parti- 
cles 2, the ultra-fine particles can be encapsulated at 
the layer interface of the laminated amorphous carbon 
base material 4. 

[0035] Next, as shown in Fig. 1C, onto the lami- 
nated amorphous carbon base material 4 at the layer 
interface thereof the ultra-fine particles 2 exist (being 
encapsulated), from the above of the amorphous car- 
bon film 3, a beam 5 of high energy is irradiated. The 
beam of high energy that is irradiated is not restricted to 
a particular one. It is only necessary to be one that has 
enough energy capable of activating amorphous carbon 
existing in the surrounding of the ultra-fine particles 2 to 
induce a giant fullerene. For instance, an electron beam 
of an intensity of 1x1 0 1 9 e/cm 2 • sec or more, a beam of 
particles such as an ion beam, photon such as laser, X 
rays, y rays, a beam of neutron or the like having an 
intensity as identical as that of the electron beam can be 
employed. 

[0036] In the case of an electron beam being 
employed as the beam 5 of high energy, when an inten- 
sity of irradiation is less than 1x10 19 e/cm 2 * sec, the 
amorphous carbon in the surroundings of the ultra-fine 
particles 2 that exist in the laminated amorphous carbon 
base material 4 is not likely to be activated to form giant 
fullerenes. In other words, an electron beam having an 
intensity of 1 xl 0 19 e/cm 2 • sec or more, though depend- 
ing on the thickness of the amorphous carbon film 3, 
brings about an activation effect of the ultra-fine parti- 
cles 2 and amorphous carbon in the surrounding 
thereof, a local heating effect or the like. Thereby, the 
giant fullerenes are formed. As the beam 5 of high 
energy, the particle beam, photons, X rays, y rays, neu- 
tron beam or the like can be employed as identical. 
[0037] The atmosphere in which the beam 5 of high 
energy is irradiated is only necessary to be set accord- 
ing to the beam to be employed. For instance, an inert 
atmosphere such as a vacuum atmosphere, an Ar 
atmosphere or the like can be cited. For instance, when 
an electron beam is irradiated, a vacuum atmosphere of 
1x10* 5 Pa or less is desirable to be employed. By 



employing such a vacuum atmosphere, atoms of resid- 
ual gas can be prevented from being absorbed. This 
enhances formation of giant fullerenes. 
[0038] When such beam 5 of high energy as that is 

5 described above is irradiated on an area where the 
ultra-fine particles 2 exist from the above of the amor- 
phous carbon film 3, as shown in Fig. 1C, the amor- 
phous carbon existing in the area being irradiated by the 
beam 5 of high energy is activated to induce a giant 

10 fullerene 6 with the ultra-fine particle 2 existing at the 
layer interface as a nucleation point. The ultra-fine parti- 
cles 2 function effectively as the nucleation points and 
the irradiated beam 5 of high energy causes an activa- 
tion effect and a local heating effect of the amorphous 

15 carbon existing in the surroundings of the ultra-fine par- 
ticles. Thereby, the giant fullerenes 6 are induced. 
[0039] Thus, the beam 5 of high energy is irradiated 
on the laminated amorphous carbon base material 4 at 
which layer interface the ultra-fine particles 2 exist. 

20 Thereby, the giant fullerene 6 formed traversing over the 
amorphous carbon support film 1 and the amorphous 
carbon film 3 can be obtained. In other words, in the 
laminated amorphous carbon base material 4, the giant 
fullerene 6 is induced. As a giant fullerene 6 that is 

25 induced, onion-like graphite can be cited. The ultra-fine 
particle 2 that is used as the nucleation substance is 
basically encapsulated in a hollow core area of the giant 
fullerene 6. Accordingly, the obtained giant fullerene 6 
can be said an ultra-fine particle endohedral giant fuller- 

30 ene. 

[0040] The giant fullerenes 6 are induced according 
to the initial disposition positions of the ultra-fine parti- 
cles 2. That is, at the prescribed positions in the lami- 
nated amorphous carbon base material 4, a single giant 
35 fullerene or a plurality of giant fullerenes 6 independent 
each other can be obtained. The size or the like of the 
obtained giant fullerenes 6 can be controlled through 
the intensity or the irradiation period of the high energy 
beam 5. 

40 [0041 ] Accordingly, the giant fullerene 6 such as the 
ultra-fine particle endohedral giant fullerene is made 
capable of controlling or operating the position of forma- 
tion and the size. In addition, the laminated amorphous 
carbon base material 4 can be made function as the 

45 protective member of the giant fullerene 6. This has a 
tremendous effect for stabilization of the giant fullerene 
6. Further, as the ultra-fine particle 2 to be used as the 
nucleation substance, as described above, various 
kinds of solid materials can be used. Accordingly, giant 

so fullerenes 6 in which the ultra-fine particles 2 consisting 
of various kinds of materials are included, that is, ultra- 
fine particle endohedral giant fullerenes can be 
obtained. 

[0042] Incidentally, during irradiation of the beam 5 
55 of high energy, the laminated amorphous carbon base 
material 4 may be maintained at room temperature. 
That is, the giant fullerene 6 can be formed on the room 
temperature stage that can be controlled in temperature 
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thereof. 

[0043] The process so far is one that forms a single 
giant fullerene 6 or a plurality of giant fullerenes 6 inde- 
pendent of each other. By further irradiating the beam 5 
of high energy against the laminated amorphous carbon 
base material 4 in which a giant fullerene 6 is induced, 
the giant fullerene 6 grows further. In this case, a simul- 
taneous growth of a plurality of the giant fullerenes 6 
can cause a structure in which they are connected 
together. 

[0044] For instance, as shown in Fig. 1 D, against a 
plurality of giant fullerenes 6 induced based on the ultra- 
fine particles 2 dispersed on an amorphous carbon sup- 
port film 1, a beam 5 of further high energy is irradiated. 
The amorphous carbon surrounding the respective 
giant fullerenes 6 is activated. Thereby, the giant fuller- 
enes 6 continue to grow to cause connection of the 
neighboring giant fullerenes 6. That is, carbon atoms at 
the most external shells of a plurality of neighboring 
giant fullerenes 6 are shared to form a coalesced body 
of the giant fullerenes 6. 

[0045] Thus, by implementing the irradiation of the 
beam 5 of high energy for more than a certain pre- 
scribed time period, as shown in Fig. 1 D, the giant fuller- 
enes 6 in the laminated amorphous carbon base 
material 4 are connected together to form a film body 
therein. That is, a film of a giant fullerene 7 can be 
formed in the laminated amorphous carbon base mate- 
rial 4. The obtained film of a giant fullerene 7 is as 
described above basically based on the ultra-fine parti- 
cle endohedral giant fullerene. Therefore, it can be said 
a film body of the ultra-fine particle endohedral giant 
fullerenes. 

[0046] The position of formation of a film of a giant 
fullerene 7, as shown in Fig. 1D, is not restricted only in 
the neighborhood of the layer interface of the laminated 
amorphous carbon base material 4. A further irradiation 
of the beam 5 of high energy, as shown in Fig. 1 E, can 
grow a film of a giant fullerene 7 almost all over the 
amorphous carbon support film 1 and the amorphous 
carbon cover layer 3. That is, a film of a giant fullerene 7 
in which almost all of the amorphous carbon support 
film 1 and the amorphous carbon cover layer 3 is fuller- 
ene can be obtained. 

[0047] In addition, as shown in Fig. 2A and Fig. 2B, 
when ultra-fine particles 2 disposed in advance accord- 
ing to a desired pattern P are employed, a plurality of 
fullerenes can be connected (coalesced) according to 
the desired pattern P. That is, based on the ultra-fine 
particles 2 disposed in advance according to a desired 
pattern P, a plurality of giant fullerenes 6 are induced. By 
further irradiating the beam of high energy against this 
plurality of giant fullerenes 6, as shown in Fig. 2C, a 
giant fullerene continuum 8 of the desired pattern P is 
formed inside of the laminated amorphous carbon base 
material 4. 

[0048] The aforementioned film of giant fullerene (a 
film continuum of giant fullerenes) 7 or patterned giant 



fullerene continuum 8 is formed inside of a laminated 
amorphous carbon base material 4 to be a giant fuller- 
ene containing structure 9. This giant fullerene contain- 
ing structure is particularly effective when development 

5 of application is considered by making use of the prop- 
erty of the giant fullerene, in particular, the ultra-fine par- 
ticle endohedral giant fullerene. That is, with the use of 
the giant fullerene containing structure 9, various kinds 
of operations and controls, and various kinds of devel- 

70 opment of application of the giant fullerenes (the ultra- 
fine particles endohedral giant fullerene) can be real- 
ized. 

[0049] Then, in the present invention, by making 
use of irradiation time period, irradiation intensity and 

15 irradiation atmosphere of a beam 5 of high energy, and 
the size, disposition position and kind of the ultra-fine 
particles 2, the obtained giant fullerene continuum can 
be controlled in its property, shape or position of forma- 
tion, or the state in the laminated amorphous carbon 

20 base material 4. Therefore, the range of application 
thereof covers a remarkably broader range. For 
instance, the aforementioned giant fullerene containing 
continuum 9, by making use of the characteristics of the 
giant fullerene and contact characteristics and quantum 

25 effect (quantum well, mini-band or the like) of the ultra- 
fine particles, has applicability in device materials such 
as electronic materials, sensor materials, filter materials 
or the like, and new function materials such as super- 
conductor materials, bio-materials, medical materials or 

30 the like. 

[0050] Next, specific embodiments of the present 
invention will be described. 



Embodiment 1 



35 



[0051] First, on an amorphous carbon support film 
consisting of i-carbon, a plurality of Pt ultra-fine particles 
are disposed. These ultra-fine particles of Pt are formed 
by use of transcription method in which a Pt mesh is 

40 employed. In specific, a Pt mesh having a lot of fine 
holes is disposed on the amorphous carbon support 
film that is then set on a room temperature stage in a 
vacuum chamber. Thereafter, onto inner walls of the 
fine holes of the Pt mesh, an Ar ion beam of an acceler- 

45 ating voltage of 3.0 kV and a beam current of 0.25 mA 
is irradiated from an oblique direction. An angle of inci- 
dence of the Ar ion beam is 40°, an atmosphere during 
bombardment of the Ar ion beam is a high vacuum as 
high as approximately 1x10" 3 Pa (including Ar). By use 

so of the oblique bombardment of the Ar ion beam against 
the Pt mesh, a plurality of ultra-fine particles of Pt are 
disposed on the amorphous carbon support film. An 
average particle diameter of the ultra-fine particles of Pt 
is approximately 3 nm. 

55 [0052] Next, on the amorphous carbon support film 
thereon a plurality of ultra-fine particles of Pt are dis- 
posed, so as to cover these plurality of ultra-fine parti- 
cles of Pt, by the evaporation method making use of 
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resistance heating, an amorphous carbon film of a thick- 
ness of 10 nm is deposited. That is, an amorphous car- 
bon support film and an amorphous carbon film are 
laminated to form an amorphous carbon base material, 
and at the layer interface of the laminated amorphous 5 
carbon base material the plurality of ultra-fine particles 
of Pt are encapsulated. 

[0053] The aforementioned laminated amorphous 
carbon base material is set on a room temperature 
stage in a vacuum chamber of a 200 kV TEM (Product 10 
of Nihon Denshi Co., JEM-2010). In a vacuum atmos- 
phere of 1 x 10~ 5 Pa, an electron beam of 1 x 10 20 
e/cm 2 • sec is bombarded on the amorphous carbon film 
from the above thereof. After bombardment of the elec- 
tron beam, upon observing the state of the laminated 15 
amorphous carbon base material with the TEM, it is 
confirmed that a plurality of concentric carbon textures 
are induced with the plurality of ultra-fine particles of Pt 
as their nucleation substance. The respective ultra-fine 
particles of Pt are incorporated in the concentric carbon 20 
textures that the ultra-fine particles induced respec- 
tively. 

[0054] The concentric carbon textures, in the neigh- 
borhood of the interface of an amorphous carbon sup- 
port film and an amorphous carbon film, are formed 25 
traversing on both of them. Since distances between the 
layers of these concentric carbon textures are approxi- 
mately 0.35 nm, it is confirmed that they are onion-like 
graphites, a kind of giant fullerenes. Incidentally, the 
surroundings of the onion-like graphite are confirmed to 30 
maintain the state of amorphous carbon. Thus, a giant 
fullerene containing structure in which an ultra-fine par- 
ticle endohedral giant fullerene is formed inside of the 
laminated amorphous carbon base material can be 
obtained. 35 
[0055] Subsequently, to the laminated amorphous 
carbon base material an electron beam is bombarded 
further, and when the integrated bombardment time 
becomes 400 sec, the TEM observation is again carried 
out. As a result of this, as each onion-like graphite 40 
grows, a plurality of adjacent onion-like graphites are 
confirmed to join together to form a film structure. Thus, 
by bombarding an electron beam onto a laminated 
amorphous carbon base material therein a plurality of 
ultra-fine particles of Pt are placed in the neighborhood 45 
of layer interface, a film of giant fullerene can be formed 
inside thereof. That is, a giant fullerene containing struc- 
ture that has a film of giant fullerene formed inside of a 
laminated amorphous carbon base material can be 
obtained. so 
[0056] Further, onto the aforementioned laminated 
amorphous carbon base material, in a vacuum atmos- 
phere of 1 x 10* 5 Pa, an electron beam of 1 x 10 20 
e/cm 2 • sec is bombarded, and when the integrated time 
of bombardment of the electron beam becomes 4000 55 
sec, a TEM observation is carried out again. As a result 
of this, it is confirmed that a film of giant fullerene grows 
over almost all of the amorphous carbon film. 



[0057] Incidentally, instead of the ultra-fine particles 
of Pt disposed at the layer interface of the aforemen- 
tioned embodiment 1 , with ultra-fine particles of Au, Al 
and Al 2 0 3 , respectively, under the same condition an 
electron beam is bombarded onto the laminated amor- 
phous carbon base material. As a result of this, similar 
ultra-fine particle endohedral giant fuflerene, further a 
film of giant fullerene can be obtained. 
[0058] On the other hand, for comparison purpose 
relating to the present invention, onto a laminated amor- 
phous carbon base material therein no ultra-fine particle 
such as ultra-fine particles of Pt is not disposed, under 
the same condition as the aforementioned embodiment 
1, an electron beam is bombarded. A giant fullerene is 
found not to form. 

Embodiment 2 

[0059] Similarly as the aforementioned embodi- 
ment 1 except that as a target to dispose ultra-fine par- 
ticles on an amorphous carbon support film by use of 
transcription method, a Cu target having such a shape 
as shown in Fig. 2 is employed, the ultra-fine particles of 
Cu are disposed on the amorphous carbon support f ilm. 
These ultra-fine particles of Cu are confirmed to be dis- 
posed according to the shape of a slit thereof. 
[0060] Next, on an amorphous carbon support film 
thereon a plurality of ultra-fine particles of Cu are dis- 
posed according to a pattern, as identical as embodi- 
ment 1, an amorphous carbon film is laminated. 
Thereafter, under the same condition as that of embod- 
iment 1 , an electron beam is bombarded on the amor- 
phous carbon film from the above thereof. When the 
electron beam is bombarded for 400 sec, TEM observa- 
tion is carried out. It is confirmed that a plurality of 
onion-iike graphites is formed according to the pattern 
and these onion-like graphites are connected together. 
That is, a patterned giant fullerene continuum is formed 
inside the laminated amorphous carbon base material. 
[0061] Thus, by controlling the initial disposition 
positions of the ultra-fine particles, various kinds of 
shapes of giant fullerene continuums can be formed 
inside the laminated amorphous carbon base material. 

Industrial Applicability 

[0062] According to the present invention, a fuller- 
ene containing structure in which a fullerene is formed 
inside of an amorphous carbon base material can be 
obtained. Further, state of formation such as shape or 
position of formation, a connection structure or the like 
of the fullerene that is formed can be controlled. Such a 
fullerene containing structure of the present invention 
contributes largely in development of application or pro- 
tection of fullerene. 
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Claims 

1 . A fullerene containing structure, comprising: 

an amorphous carbon base having a first amor- 
phous carbon layer and a second amorphous 
carbon layer laminated together; and 
a fullerene formed in the neighborhood of the 
layer interface of the first amorphous carbon 
layer and the second amorphous carbon layer 
and straddled the first and second amorphous 
carbon layers. 



2. The fullerene containing structure as set forth in 
claim 1 : 15 
wherein the fullerene is a giant fullerene. 

3. The fullerene containing structure as set forth in 
claim 1 : 

wherein the fullerene is an ultra-fine particle endo- 20 
hedral giant fullerene. 

4. A fullerene containing structure, comprising: 

an amorphous carbon base having a first amor- 25 
phous carbon layer and a second amorphous 
carbon layer laminated together; and 
a plurality of fullerenes formed in the neighbor- 
hood of layer interface of the first amorphous 
carbon layer and the second amorphous car- 
bon layer and straddled the first and second 
amorphous carbon layers. 



The fullerene containing structure as set forth in 
claim 4: 

wherein the fullerenes are giant fullerenes. 



30 



wherein the fullerenes compose a giant fullerene 
coalesced body by sharing with carbon atoms at 
their external shells. 

11. A manufacturing method of a fullerene containing 
structure, comprising: 

a step of disposing an ultra-fine particle on a 
first amorphous carbon layer; 
a step of laminating a second amorphous car- 
bon layer on the first amorphous carbon layer 
so as to cover at least the ultra-fine particle; 
and 

a step of irradiating a high energy beam onto a 
laminate body of the first amorphous carbon 
layer and the second amorphous carbon layer 
having the ultra-fine particle at the layer inter- 
face of the first and second amorphous carbon 
layer, and generating a fullerene traversing the 
first and second amorphous carbon layers with 
the ultra-fine particle as nucleation substance. 

1 2. The manufacturing method of a fullerene containing 
structure as set forth in claim 1 1 : 

wherein the second amorphous carbon layer has a 
thickness in the range of from 5 to 100 nm. 

13. The manufacturing method of a fullerene containing 
structure as set forth in claim 11: 

wherein an electron beam of an intensity of 1 x 10 19 
e/cm 2 • sec or more is irradiated onto the laminate 
body in a vacuum atmosphere of 1 x 10~ 5 Pa or 



6. The fullerene containing structure as set forth in 
claim 4: 

wherein the fullerenes are ultra-tine particle endo- 40 
~ hedral giant fullerenes. 

7. The fullerene containing structure as set forth in 
claim 4: 

wherein the fullerenes are connected to each other. 45 

8. The fullerene containing structure as set forth in 
claim 4: 

wherein the fullerenes are connected to each other 
to form a film structure. so 

9. The fullerene containing structure as set forth in 
claim 4: 

wherein the fullerenes are connected to each other 
to form a desired pattern. ss 

10. The fullerene containing structure as set forth in 

:;aim 7: 



35 1 4. The manufacturing method of a fullerene containing 
structure as set forth in claim 1 1 : 
wherein an ultra-fine particle endohedral giant 
fullerene as the fullerene is generated. 



15. A manufacturing method of a fullerene containing 
structure, comprising: 

a step of disposing a plurality of ultra-fine parti- 
cles on a first amorphous carbon layer; 
a step of laminating a second amorphous car- 
bon layer on the first amorphous carbon layer 
so as to cover at least the ultra-fine particles; 
and 

a step of irradiating a high energy beam onto a 
laminate body of the first amorphous carbon 
layer and the second amorphous carbon layer 
having the ultra-fine particles at the layer inter- 
face of the first and second amorphous carbon 
layer, and generating a plurality of fullerenes 
traversing the first and second amorphous car- 
bon layer with the ultra-fine particles as nuclea- 
tion substance. 
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16. The manufacturing method of a fullerene containing 
structure as set forth in claim 15, further compris- 
ing: 

a step of further irradiating the high energy 5 
beam on the generated fullerenes to grow and 
connect the fullerenes to each other. 

1 7. The manufacturing method of a fullerene containing 
structure as set forth in claim 1 5: 10 
wherein the ultra-f ine particles are disposed in dis- 
persed manner on a surface of the first amorphous 
carbon layer. 

1 8. The manufacturing method of a fullerene containing 15 
structure as set forth in claim 15: 

wherein the ultra-fine particles are disposed 
according to a desired pattern on a surface of the 
first amorphous carbon layer. 

20 

19. The manufacturing method of a fullerene containing 
structure as set forth in claim 1 5: 

wherein the second amorphous carbon layer has a 
thickness in the range of from 5 to 100 nm. 

25 

20. The manufacturing method of a fullerene containing 
structure as set forth in claim 15: 

wherein an electron beam of an intensity of 1 x 10 19 
e/cm 2 • sec or more is irradiated onto the laminate 
body in a vacuum atmosphere of 1 x 10" 5 Pa or 30 
less. 
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